ABSTRACT Objective: To identify the determinants and measure the trends in health facility-based deliveries and caesarean sections among married adolescent girls in Bangladesh.
Results: Health facility-based deliveries have continuously increased among adolescents in Bangladesh over the past two decades from 3% in 1993-1994 to 24 .5% in 2011. Rates of populationbased and facility-based caesarean sections have increased linearly among all age groups of women including adolescents. Although the country's overall ( population-based) caesarean section rate among adolescents was within acceptable range (11.6%), a rate of nearly 50% health facility level caesarean sections among adolescent girls is alarming. Among adolescent girls, use of antenatal care (ANC) appeared to be the most important predictor of health facilitybased delivery (OR: 4.04; 95% CI 2.73 to 5.99), whereas the wealth index appeared as the most important predictor of caesarean sections (OR: 5.7; 95% CI 2.74 to 12.1).
Conclusions: Maternal health-related interventions
should be more targeted towards adolescent girls in order to encourage them to access ANC and promote health facility-based delivery. Rising trends of caesarean sections require further investigation on indication and provider-client-related determinants of these interventions among adolescent girls in Bangladesh.
BACKGROUND
Complications in pregnancy and childbirth are the leading causes of death among adolescents (aged 10-19 years) and young women in low-income countries (LICs). 1 It is estimated that annually around 70 000 adolescent girls die from complications related to pregnancy and childbirth in LICs. 2 Child marriage has a long tradition in Bangladesh and contributes to the incidence of adolescent pregnancies. Though the legal age of marriage for women is 18 years in Bangladesh, around 66% of the girls get married before that age and about 33% of them become pregnant by the age of 19 . 3 There is no official record of pregnancies among unmarried adolescents in Bangladesh. 4 Several studies have shown that adolescents are less likely to seek skilled maternal health services such as attending antenatal care (ANC) and postnatal care (PNC) as well as delivering in facilities when compared to adults (women older than 19 years), despite their higher need of those services. 5 6 In order to decrease maternal mortality ratios and to improve pregnancy outcomes, it is essential to increase the proportion of deliveries in health facilities. It is estimated that only about 29% of deliveries in Bangladesh take place in a health facility. Caesarean section is considered to be a life-saving procedure to overcome complications during labour. However, there is evidence that caesarean sections without medical indication are associated with increased maternal and newborn mortality and morbidity. [8] [9] [10] [11] [12] [13] In addition, the risk of maternal and newborn complications is higher following a caesarean section, which includes stillbirths, anomalies of the placenta and neonatal survival, particularly among adolescents. 14 15 The tendency of repeated caesarean sections in subsequent births is higher among those adolescents who delivered their first child by caesarean section. 16 In the last decade, population-based rates of caesarean deliveries have increased beyond the WHO recommended level of 15% in Bangladesh where the rate increased from 9% in 2007 to 17% in 2011. 7 17-19 This study aims to assess the trends and identify the determinants of health facility-based deliveries and caesarean sections among married adolescent girls in Bangladesh.
METHODS

Background information of the country
Bangladesh, located in the northeastern part of South Asia, is one of the most densely populated countries in the world. According to the 2011 Population and Housing Census (PHC), the population of the country reached close to 150 million. Almost 90% of them are Muslims and 9% are Hindus, with other religions constituting the remaining 1%. The country ranks 146th on the Human Development Index (HDI) among all nations. Twenty-seven per cent of the total population of Bangladesh live in urban areas. Despite prevailing problems such as poverty, political instability and income inequalities, Bangladesh's progress towards achieving the Millennium Development Goals (MDGs) is remarkable. 20 The country's maternal mortality ratio has declined from 322 deaths in 2001 to 176 deaths in 2010 per 100 000 live births. 21 Use of contraception among married women has increased from 8% in 1975 to 61% in 2011. About 26% of pregnant women report at least four ANC visits from a qualified provider. 7 
Data sources
This study used data sets from the Bangladesh Demographic and Health Surveys (BDHS). With the permission of MEASURE DHS, we downloaded publicly available BDHS data sets of 1993-1994, 1996-1997, 1999-2000, 2004, 2007 and 2011 from the website of MEASURE (http://www.measuredhs.com).
BDHS is a household survey of ever-married women aged 12-49 years and ever-married men aged 15-54 years. BDHS uses a multistage cluster-sampling method to obtain detailed information, including marriage, family planning, fertility preferences, infant and child mortality, maternal and newborn health, nutrition, HIV/AIDS-related knowledge, women's empowerment and health outcomes.
In order to identify the determinants of health facilitybased deliveries and caesarean sections, we used data sets of the BDHS 2011 which surveyed 17 842 evermarried women aged 12-49 years and 3997 ever-married men over the age of 15 years from 17 141 households covering 600 clusters (207 in urban and 393 in rural areas) throughout Bangladesh. The survey recorded information from 8789 deliveries with a live birth as pregnancy outcome that occurred in the last 5 years preceding the 2011 survey, of which 2813 (32%) live births were reported among adolescent girls (age <20).
To examine the trends in facility-based deliveries and caesarean sections ( population-based and facility-based) among married adolescent girls, we used data sets of BDHS 1993 -1994 , BDHS 1996 -1997 , BDHS 1999 -2000 , BDHS 2004 , BDHS 2007 and BDHS 2011 . In order to be consistent, we included all the deliveries (the most recent one when an adolescent girl had more than one delivery) that occurred during 5 years preceding each Demographic and Health Survey (DHS) except for the BDHS 1993-1994 that covered information of only 3 years preceding the survey.
Variables
Dependent variables
The dependent variables in this study are 'health facilitybased delivery' and 'caesarean section'. Health facilitybased delivery refers to childbirths which took place in government hospitals, government medical colleges, district hospitals, maternal and child welfare centres, Upazila health complex (subdistrict level public health facility), health and family welfare centres, private hospitals/clinics, private medical colleges or nongovernmental organization clinics. Population-based and facility-based caesarean sections were described using bivariate analysis.
Independent variables
The independent variables were maternal age (age of an adolescent girl at the time of childbirth) in years, place of residence, region, maternal education, wealth index (calculated based on the ownership of several household assets and categorised into five quintiles from the poorest to richest), husband's education, birth order (parity reported by the adolescent girls at the time of the survey) and ANC coverage (reported attendance to ANC). On the basis of the existing literature, the variable 'decisionmaking power' was categorised using the criteria whether an adolescent girl participated in decision-making related to (1) her own healthcare, (2) making major household purchases and (3) visits to her family and relatives. 22 23 The category 'no decision' meant that none of the three decisions were taken by the woman, '1-2 decisions' indicated that a woman participated in making at least one or two decisions in the three mentioned areas and 'all three decisions' reflected that a woman participated in decisionmaking in all the three areas.
Statistical analysis
Corresponding weighting factors were considered to weigh the clustered data for each of the respondents in the survey. Bivariate analysis (Pearson's χ 2 ) was performed to assess the relationship between the dependent and independent variables. A binary logistic regression analysis was carried out to determine the adjusted effect of each factor on the dependent variables ('facility-based delivery' and 'caesarean section'). Multicollinearity was checked before logistic regression. The results of the logistic regression analysis were presented by ORs with 95% CIs . All statistical analysis was performed using STATA 12.1 for windows.
RESULTS
Characteristics of the study participants and patterns of health facility-based deliveries and caesarean sections According to the BDHS 2011, in total 2813 childbirths were reported by married adolescent girls during the last 5 years preceding the survey. Of these, 1402 (49.9%) births occurred among girls aged <18 years and the remaining 1411 (50.1%) among girls aged between 18 and 19 years. Overall 24.5% (686/2813) of the childbirths reported by adolescent mothers occurred in health facilities. It was observed that 40% of the urban adolescents compared to only 20% of rural adolescents delivered in healthcare facilities (p<0.001) (table 1) . Of all deliveries among adolescents that took place in health facilities, 47.4% (325/686) ended up with a caesarean section.
The tendency to give birth in a facility was higher among adolescents aged 18-19 years compared to those younger than 18 years (p>0.05). Among all the seven regions (divisions) of Bangladesh, the lowest rate of facilitybased deliveries was observed among adolescents in Sylhet division (16.1%) whereas Khulna division had the highest rate (39.5%). In terms of wealth, use of healthcare facilities for childbirth was higher among the richest adolescent girls compared to those belonging to the middle and poorer wealth bands. Rates of caesarean sections were also higher among richer adolescents compared to those belonging to the poorest or poorer wealth bands.
Birth order was significantly associated with the utilisation of health facilities for deliveries among adolescent girls ( p<0.001). However, it was not significantly associated with caesarean sections at facility level ( p>0.05). Adolescent girls who had attended at least four ANC consultations were more likely to use a health facility for the delivery of their child than those who had not received any ANC or had less than four ANC visits (46.4%, 10.8% and 25.9%). Decision-making autonomy of adolescent girls appeared to have no association with health facility-based delivery or caesarean section.
Determinants of health facility deliveries and caesarean sections Urban residence, being part of the richest wealth band, being pregnant for the first time and attending four or more ANC consultations were associated with a greater (table 2) . Besides, adolescent girls in Khulna division and Rajshahi division were 2.6 times and 2.1 times, respectively, more likely to deliver their child in a facility compared to their counterparts in Barisal division.
The odds of delivering in a health facility decreased by 33% among adolescent girls residing in rural areas compared to those residing in urban areas (OR: 0.67; 95% CI 0.50 to 0.88). Adolescent girls of the richest wealth quintile were 2.6 times more likely to deliver in a health facility compared to adolescents belonging to the poorest wealth quintile after adjusting for all other variables (OR: 2.64; 95% CI 1.58 to 4.41). Use of ANC services appeared as the most important determinant for health facility-based delivery and showed that adolescent girls with four or more ANC visits were four times more likely to deliver in a health facility than those having no ANC visit (OR: 4.04; 95% CI 2.73 to 5.99).
In the bivariate analysis, maternal education appeared to be associated with facility-based delivery while in the logistic model, no statistically significant association was found. However, a significant difference was observed between adolescent girls with no formal education and girls with higher than secondary level education. Adolescent girls having higher than secondary education were 2.2 times more likely to deliver in a health facility compared to those adolescents with no education (OR: 2.2; 95% CI 1.04 to 4.78).
The wealth index appeared as the most important determinant of delivering by caesarean section among adolescent girls. Adolescent girls belonging to the richest wealth quintile were almost six times more likely to deliver their child by caesarean section compared to adolescents belonging to the poorest wealth index (OR: 5.7; 95% CI 2.74 to 12.1). Adolescent girls who had received four or more ANC consultations were 2.7 times more likely to give birth by caesarean section compared to adolescents who had not received any ANC. Probability of childbirth by caesarean section was higher (about 47%) among adolescents who were pregnant for the first time than those pregnant for the second time.
Trends in health facility-based deliveries
There has been a substantial increase in the use of health facilities for delivery among women in all age groups including adolescents (figure 1). Use of health facilities for childbirth has increased among adolescent girls more than eightfold from 3% in 1993-1994 to 24.5% in 2011. The most rapid increase among adolescent girls was observed between 2007 (14.3%) and 2011 (24.5%). Health facility-based delivery has increased more than 10% over this time period. This increased use of health facilities by adolescents could be associated with improvement in health service delivery, transition towards a pluralistic health system, deployment of more community health workers, economic transition in Bangladesh, decrease in total fertility rate and increasing levels of awareness among women and their family members about the importance of delivering with a skilled birth attendant. [24] [25] [26] In addition, another reason for higher facility-based delivery rates particularly among adolescent girls could be explained by an increased rate of referrals of pregnant adolescent girls by community health workers to health facilities. 25 This might be due to the fact that adolescent girls are at higher risk of pregnancy-related and delivery-related complications compared to adults. 27 28 Despite the increasing trends in health facility-based delivery over the years, the rate is still low at only 24.5% for all deliveries while almost three-quarter of the adolescent girls give birth at home. Therefore, it is important to improve access to and availability of a skilled birth attendant at every delivery.
The findings of this study revealed existing inequalities in the use of maternal health services among adolescent girls in Bangladesh. Consistent with the findings of other studies, we found that adolescent girls residing in urban areas and those belonging to a higher wealth index are more likely to give birth in a health facility compared to those living in rural areas and belonging to a poorer wealth index. 6 29 30 The reason for increased numbers of facility-based deliveries among urban adolescents may be better availability and accessibility of health services in urban areas compared to rural areas. 29 Use of a health facility is often associated with higher costs which may restrict poor adolescent girls from delivering there. 29 Several studies conducted in Bangladesh and in other LICs showed that women's education is an important determinant of facility-based delivery, [31] [32] [33] [34] whereas this study showed only a significant difference between girls with no formal education and those with a higher than secondary level of education regarding the use of health facilities for childbirth. No significant differences were observed in the use of health facilities among adolescents with a primary or secondary education. Lack of higher education may be related to less decision-making power of adolescent girls which may restrict them to use health services. 2 35 36 In line with earlier findings, this study showed that adolescent girls who attended at least four or more ANC consultations are more likely to deliver at a facility than those girls who had not received any or had less than four ANC visits. 30 37 Repeat counselling during ANC visits may raise awareness among adolescent girls of the importance of seeking care during delivery or may provide information of maternal health services available in their nearest health facilities. Rates of population-based and facility-based caesarean sections have increased over the past two decades in Bangladesh among women of all ages. Although the rates of population-based caesarean sections among adolescents are still within the WHO recommended levels, there is a disproportionately higher increase in health facility-based caesarean sections in Bangladesh that cannot be explained only by a self-selection of adolescents with complication. Previous studies conducted in Bangladesh have shown that factors such as providerdriven and patient-driven decisions in favour of a caesarean section that are not necessarily based on a medical indication as well as increased financial benefit for performing caesarean sections could be an explanation for increasing rates. 38 Many factors may support the decision to perform a caesarean section, including the rapidity and the possibility of planning the intervention, a perceived lower health risk, financial benefits for the practitioner and the institution, the fear of litigation or women's demand resulting in, protocols and evidencebased guidelines regarding indications not being followed by the health providers. [39] [40] [41] With regard to the caesarean section rate among all facility deliveries, there is no clear-cut standard but institutional caesarean section rates that are above 20% might be considered as high. 42 This study found that about 57% of all births at the health facility were conducted by caesarean section. Chances to be delivered by caesarean section significantly differ according to factors such as region of residence, wealth index, birth order and use of ANC services, which are consistent with the results of previous studies. [43] [44] [45] This study showed that adolescent girls are slightly less likely to get a caesarean section compared to adults, which is in line with the results of a recent study in Bangladesh. 46 Although the rates of caesarean sections among adolescent girls are lower compared to adults, almost one of two facility-based deliveries ended in a caesarean section among this particular group. Therefore, it would be relevant to identify indications for caesarean sections in adolescent girls and to assess to what extent these interventions were medically justifiable in private and public health facilities.
The main strength of this study was the use of nationally representative data sets. A limitation was that the BDHS did not cover information about accessibility (ie, distance to a health facility) and the quality of healthcare provision which might have influenced the use of health facility delivery among adolescent girls. However, we believe that the findings of this study can still be relevant and useful for programme planners and policymakers not only to encourage health facility-based deliveries but also to address the high rates of caesarean sections among married adolescent girls in Bangladesh.
CONCLUSIONS
It is promising that health facility-based deliveries are increasing among adolescents in Bangladesh. However, in order to ensure that all adolescent pregnant girls have access to health services provided by qualified staff, more efforts need to be put into maternal health programmes that particularly target rural poor adolescents and encouraging them to attend all ANC sessions and to deliver at a health facility. Although current trends in facility-based deliveries are reassuring, the rising trend of facility-based caesarean sections is alarming and calls for further qualitative investigations to identify causes and to take appropriate actions by the respective authorities in Bangladesh. In addition, more qualitative research that focuses on health system aspects and explores maternal healthcare-seeking behaviour of married adolescent girls is needed.
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